Objective
To evaluate the prophylactic use of enteral fluconazole to prevent invasive candidal infections in critically ill surgical patients.
Summary Background Data
Invasive fungal infections are increasingly common in the critically ill, especially in surgical patients. Although fungal prophylaxis has been proven effective in certain high-risk patients such as bone marrow transplant patients, few studies have focused on surgical patients and prevention of fungal infection.
Methods
The authors conducted a prospective, randomized, placebocontrolled trial in a single-center, tertiary care surgical intensive care unit (ICU). A total of 260 critically ill surgical patients with a length of ICU stay of at least 3 days were randomly assigned to receive either enteral fluconazole 400 mg or placebo per day during their stay in the surgical ICU at Johns Hopkins Hospital.
Results
The primary end point was the time to occurrence of fungal infection during the surgical ICU stay, with planned secondary analysis of patients "on-therapy" and alternate definitions of fungal infections. In a time-to-event analysis, the risk of candidal infection in patients receiving fluconazole was significantly less than the risk in patients receiving placebo. After adjusting for potentially confounding effects of the Acute Physiology and Chronic Health Evaluation (APACHE) III score, days to first dose, and fungal colonization at enrollment, the risk of fungal infection was reduced by 55% in the fluconazole group. No difference in death rate was observed between patients receiving fluconazole and those receiving placebo.
Conclusions
Enteral fluconazole safely and effectively decreased the incidence of fungal infections in high-risk, critically ill surgical patients.
Fungal pathogens increasingly cause nosocomial infections, especially among surgical patients and the high-risk critically ill, with an attributable death rate estimated at 38%. [1] [2] [3] [4] [5] [6] [7] [8] [9] In our institution, yeast species accounted for 15% of bloodstream isolates in the period from 1992 to 1995. 10 Fluconazole is a triazole antifungal drug with excellent enteral bioavailability, low toxicity, and activity against many pathogenic Candida species. 11, 12 Fluconazole has been shown to prevent both deep fungal infections in bone marrow transplant populations 13 and superficial fungal infections in patients with leukemia. 14 The role for the empiric use of fluconazole in intensive care unit (ICU) patients, however, remains controversial. [15] [16] [17] Given the high incidence of candidal infection among critically ill surgical patients, we hypothesized that these infections could be prevented in high-risk patients by using prophylactic enteral fluconazole.
PATIENTS AND METHODS

Patients
Patients enrolled in this trial had to have an expected length of ICU stay of 3 or more days as determined by an experienced intensivist (P.A.L.), based on admitting diagnosis, magnitude of hemodynamic perturbation, ventilatory failure, and baseline medical conditions. Patients were excluded for the following reasons: pregnancy, receipt of antifungal agents within the 7 days before ICU admission, age younger than 18, or an expectation that the patient would not survive more than 24 hours. The study was conducted between January 7, 1998, and January 13, 1999. The study protocol was approved by the Institutional Review Board at Johns Hopkins Hospital. Informed consent was obtained from all patients or a legal proxy before enrollment.
Randomization
After enrollment, individual patients were randomly assigned by block design by the hospital pharmacy to receive, that day, a single, daily, enteral dose of fluconazole suspension or identical placebo. All patients and investigators were masked to the treatment assignments.
Intervention
The loading dose was 800 mg, followed by a 400-mg daily dose. If the estimated creatinine clearance was less than 25 mL/min, the daily dose was reduced to 200 mg. No intravenous preparation of the study drug was given. Administration of the study drug continued until initiation of empiric antifungals or ICU discharge. Patients were deemed to have completed the study at the time of ICU death, institution of systemic antifungal therapy, or 3 days after ICU discharge. Decisions to initiate empiric antifungal treatment were made by nonstudy clinicians unaware of the study treatment and were based on clinical assessment and cultures.
To determine colonization and not infection, on the days of enrollment and discharge and every Monday and Thursday during the ICU stay, surveillance fungal cultures were obtained, where possible, from the oropharynx, endotracheal tube, rectum, ostomy drainage, bile, urine, and gastric aspirate. This information was not available to clinicians managing patients.
Definition of Events
Events were classified using predetermined criteria by a masked adjudication panel. Fungal infections were classi-fied as proven or suspected as shown in Table 1 . These definitions are substantially consistent with the recently proposed consensus of the European and NIH groups for fungal infections. 18, 19 
Statistical Analysis
All patients were included in the statistical analysis. Differences in proportions of baseline characteristics between the two treatment groups were assessed using the chi-square statistics. Distributions of continuous variables were compared using the Kruskal-Wallis test. The main analysis of this study was an intent-to-treat analysis of the time to the primary outcome of proven fungal infection. We calculated a sample size of 130 patients in each treatment group, based on a rate of fungal infections of 15% previously observed in a pilot study and an expected 4:1 ratio of fungal infections in the two treatment arms. The power was set at 80% and the two-sided significance level set at 0.05, and the sample size was inflated by 10% to account for an ineligibility rate of 10%.
In the main intent-to-treat analysis, time on study began when a patient was admitted to the surgical ICU and was randomized. Time on study ended with death, initiation of antifungal therapy, diagnosis of a fungal infection, or 3 days after ICU discharge. In a planned secondary "on-therapy" time to event analysis, time on study began the day after the patient received the loading dose of study drug and ended as above. Patients were excluded from the on-therapy analysis if they died, received empiric antifungal therapy, or were diagnosed with a fungal infection on or before the date on which the first dose of study drug was given. Secondary analyses were also conducted for alternate definitions of infections. 19 definition*, all requiring debridement, or 5) Positive culture of urine from two urine specimens obtained before and after change of a urinary catheter or by straight catheterization Suspected Clinician determined need for antifungal therapy for suspected fungal infection, signs of end-organ dysfunction, and evidence of fungal colonization (e.g. sputum, urine or biliary culture)
We used the log-rank test to compare the distribution of times to events in the treatment and control groups. 20 Proportions of patients developing infections over time were computed using Kaplan-Meier estimates. 21 Continuous dependent variables with nonnormal distributions were compared using the Kruskal-Wallis test. In all analyses, a twosided probability value of 0.05 was considered to be statistically significant. The Cox proportional hazards model was used for multivariate analysis of predictors of fungal infection. 22 A linear random effects model was used in the longitudinal analysis of colonization with non-Candida albicans species of yeast within individuals over time on study. 23 Epi Info (Center for Disease Control, Atlanta, GA) and the Stata statistical package (College Station, TX) were used for all analyses.
RESULTS
Enrollment and Baseline Characteristics
Most patients who met eligibility criteria for the study were identified and approached for consent ( Fig. 1 ). Of 1,228 surgical ICU admissions during this year-long study, 767 (62%) were ineligible for enrollment. Of 461 patients eligible for the study, 260 (56%) were enrolled in the study. Of the 260 patients in the intent-to-treat analysis, 130 received fluconazole and 130 received placebo.
Twenty-two patients were excluded from the on-therapy analysis. Eleven patients did not meet the enrollment criteria (age younger than 18 years, consent withdrawn, antifungal use, length of stay more than 3 days). In addition, four of these patients had proven fungal infection on the basis of cultures taken before enrollment, but not reported as positive until after enrollment. Four patients never received a dose of the study drug, and three patients either died or were discharged on the day of the first dose. Of the 238 patients in the on-therapy analysis, 117 received fluconazole and 121 received placebo.
Baseline characteristics of the patients in the two groups were similar ( Table 2 ). In general, they were critically ill, with multiple underlying medical conditions and high APACHE III scores.
Fungal Infections
In the intent-to-treat analysis, a total of 31 patients had proven fungal infections during the study period, comprising 7 definite infections and 24 presumed infections Table  3 ). Eleven proven infections occurred in the fluconazole group and 20 in the placebo group. The most frequently infected site was the abdomen. In the intent-to-treat analysis, the absolute reduction in risk for fungal infection was 7% and the number needed to treat to prevent one fungal infection was 15. In the on-therapy analysis, which excluded the four patients with proven fungal infection diagnosed before randomization, seven infections were diagnosed in the fluconazole group and 20 in the placebo group. In the on-therapy analysis, the number needed to treat to prevent one fungal infection was 9.5.
If patients with urinary tract infections were excluded from the proven infections, there were 7 infections in the fluconazole group and 16 in the placebo group. Similarly, exclusion of the central line catheters also maintained a significant difference in the two patient groups (P Ͻ .01). Eight additional patients met our definition of a suspected fungal infection, having been removed from the study for treatment with antifungals. Two of these suspected infections occurred in the fluconazole group and six in the placebo group.
Time to event analyses comparing the fluconazole and placebo groups showed a marked benefit in patients receiving fluconazole (P ϭ .01, log-rank test). Figure 2 shows the Kaplan-Meier curves comparing the treatment and control groups, and Table 4 shows the Kaplan-Meier analysis of the proportion of patients infected over time in the intent-totreat analysis. The effect of fluconazole in preventing fungal infection was greater and more statistically significant if urinary tract infections were excluded, if suspected infections were included, or if the analysis was restricted to the on-therapy group (P Ͻ .01 in all analyses).
In a univariate time to event analysis, the variables having a statistically significant association with increased risk for fungal infections were randomization to placebo, time from ICU admission to first dose of study drug, APACHE III score, use of total parenteral nutrition before randomization, and fungal colonization at enrollment (Table 5 ). When these variables were all included in a Cox proportional hazard model, all remained statistically significant except for the use of total parenteral nutrition. The adjusted overall risk of fungal infection was reduced by 55% in the fluconazole group compared with the placebo group (relative risk 0.45, 95% confidence interval 0.21-0.98).
The median length of stay in both the fluconazole and placebo groups was 5 days (range Ͻ1-123 in the fluconazole group, Ͻ1-69 in the placebo group; P ϭ .8).
Microbiology
The most common species of yeast causing infection in this cohort was C. albicans (Table 6 ). Using a linear regression model adjusted for clustering on individual patients, we found no association between fluconazole minimum inhibitory concentration (MICs) and the use of fluconazole (P ϭ .45). No change in the MICs of the infecting isolates was observed as a function of the duration of the study. Fluconazole use was not associated with a shift toward non-C. albicans species, based on two analyses. First, a chi-square analysis showed no association between receiving fluconazole and non-C. albicans species colonization (P ϭ .42). Second, a longitudinal data analysis using a random effects model showed no association between receiving fluconazole and a shift towards non-C. albicans species in individual patients over the course of the ICU stay (P ϭ .21).
Death
Thirty of 260 eligible patients (12%) died during their ICU stay, 14 in the fluconazole group and 16 in the placebo group. The Cox analysis showed no statistically significant difference in survival by treatment arm (relative risk 0.73, 95% confidence interval 0.41-1.32).
DISCUSSION
In this double-blind, placebo-controlled clinical trial, we have shown that prophylactic fluconazole prevents invasive Patients receiving fluconazole were not more likely to be colonized or infected with fluconazole-resistant Candida species. We did not expect to show a difference in death rates between the two groups because the study was sized to show a difference in infection rates.
Prior studies have shown fluconazole to be effective in preventing invasive fungal infections in bone marrow transplant and leukemia patients. 13, 14 In two small studies of surgical patients, patients receiving prophylactic ketocon-azole or fluconazole showed a decrease in fungal infections. 16, 17 However, the use of prophylactic antifungals in the critically ill has not gained broad acceptance.
Our expectation was that patients with the greatest degree of critical illness and a prolonged ICU stay would be at the highest risk for fungal infection. Although this assessment was based on nonstandardized clinical evaluation, our ability to predict which patients would remain in the ICU with a critical illness at least 3 days was highly reliable. More than 90% of all eligible patients were correctly identified for study enrollment. We would expect that most clinicians with expertise in the care of critically ill patients will be able to predict which patients will require intensive care for at least 3 days with similar accuracy. Patients requiring a 3-day length of stay in the surgical ICU of a tertiary referral center such as the Johns Hopkins Hospital may be more critically ill than patients with a comparable length of stay in other hospitals. This may cause difficulty in selecting patients who may benefit from this strategy at other institutions. The generalizability of these findings depends on the prevalence of fungal infections in an individual hospital and on clinicians' ability to select prospectively patients at high risk for fungal infection. Patients with clinical characteristics similar to those described in this study (see Table 2 ) would be expected to be at high risk for fungal infection.
We chose to use enteral rather than intravenous fluconazole because it costs less than the intravenous preparation and appears to have adequate enteral bioavailability. 24 -26 The pharmacokinetics of enteral fluconazole in this population requires further investigation. However, the efficacy of fluconazole in this study suggests that the enteral route is adequate for the present indication, and that the use of intravenous fluconazole should not be necessary.
Given the low cost of enteral fluconazole, the low number of patients needed to treat to prevent fungal infection in this study, and the high cost attributable to nosocomial infection, 27 the use of prophylactic fluconazole to prevent fungal infections in this population is likely to be cost-effective. Previously, we reported that the attributable increase in the cost of ICU care for patients with fungal infections is $21,590. 28 Given that fluconazole suspension costs roughly $90 for a 400-mg dose (average wholesale price), and that the median length of ICU stay in this cohort was 5 days, it is likely that the cost of fluconazole prophylaxis will be substantially less than the attributable cost of nosocomial fungal infections. Further analysis will be required to assess the cost-effectiveness of the use of fluconazole prophylaxis in this population.
Although the definition of fungal infections remains controversial, we believe that the infection definitions used in this study were conservative and reflect common and appropriate clinical definitions. The most controversial definitions for fungal infection were the inclusion of catheters with more than 15 colonies, and urinary tract infections.
Isolation of Candida species from the peritoneum was included as an infection definition because it has a high associated death rate, 29 -31 and most experts would institute antifungal therapy in the setting of clinical peritonitis with positive cultures for Candida species. 15 We performed secondary analysis using these alternative infection definitions, and all findings remained significant. The rate of Candida infection of 16% among placebo recipients in the present study is lower than infection rates reported in other highrisk groups, 8, 14, 17 suggesting that our infection definitions are indeed conservative and consistent with the experience of other investigators.
The widespread use of fluconazole may lead to an increase in the isolation of Candida krusei 32 and Candida glabrata, 33 two species of fungi that are often resistant to fluconazole. In the present study, we found no evidence of increased resistance to fluconazole among patients receiving fluconazole, nor was there an increase in the isolation of non-C. albicans species, either within individual patients or over the course of this 1-year study. Although it is possible that the widespread use of fluconazole to prevent fungal infections in the ICU may lead to a shift toward more fluconazole-resistant Candida isolates over greater time, we found no evidence of such a trend in the present study. In addition, the numbers of infections with C. glabrata were similar in the fluconazole and placebo groups. Despite the reported shift toward non-C. albicans species of fungi as human pathogens, most infecting Candida isolates remain sensitive to fluconazole. 8, 34, 35 Fungal infections are an increasingly common and serious problem in the critically ill. In this study, we showed that the use of prophylactic enteral fluconazole in the setting of a large university hospital in critically ill surgical patients with an expected length of stay of 3 or more days results in fewer definite or presumed fungal infections and a decreased risk of infection over time. Critically ill patients in other settings may similarly benefit from this therapy. Additional long-term epidemiologic data must be obtained to determine the effect on fungal resistance patterns. 
